Abstract: The rotifer community structure may be shaped by a variety of environmental factors, including biological parameters, such as predation or competition, as well as by physical-chemical factors, among which the kind of macrophyte substratum and parameters relating to the trophic state and to the catchment area conditions are of great importance. Another impact on rotifer composition, abundance and frequency may be expected when considering differentiated macrophyte types (including helophytes, nymphaeids and elodeids) within a group of eight ponds located within a mid-forest catchment area, which was the main aim of the present study. Detailed analysis on the participation of indicator eutrophic rotifer species provided an additional goal of this investigation in order to qualify the trophic state of this kind of water body located within the Wielkopolska region, in the central western part of Poland. The presence of 117 taxa, including 7 species that are rare or infrequently distributed in the Polish fauna was recorded. The number of taxa and rotifer abundance differed greatly in respect to the specific water body and to the type of substratum. The vegetated zones dominated by elodeids were characterised by the most various and most abundant rotifer communities as well as by the highest values of the Shannon-Weaver index. This reflects a positive relationship between the heterogeneity of habitat and the structure of rotifer communities. It was also found that helophytes and the open water zone possessed the highest, while elodeids the lowest percentage of eutrophic species.
Introduction
Small mid-forest water bodies contribute to the enrichment of the local diversity since they harbour a multiplicity of organisms representing various taxonomical groups. They create favourable life conditions for both producers and consumers. Ponds also play a significant role in increasing water retention, which is particularly essential in the Wielkopolska region, where water resources are restricted. Therefore, such hydrological objects should be of great interest to hydrobiologists (Kuczyńska-Kippen & Nagengast 2006a; Kuczyńska-Kippen et al. 2007 ). Small water bodies are also important in influencing the microclimat of the surrounding area (Podbielkowski & Tomaszewicz 1996) . These reservoirs are often characterised by sudden changes in the water level, contributing to variation in the inhabiting organisms (Kuczyńska-Kippen & Nagengast 2006b). They are also less resistant to physical and chemical factors which may easily disturb the ecosystem balance (Lampert & Sommer 2001) . These kinds of water bodies are specific biotops for the organisms which inhabit them. Zooplankton assemblages of ponds consist of typical pond-associated forms, called heleoplankton, as well as forms characteristic for the littoral zone of lakes.
Based on the zooplankton composition and community abundance, it is possible to identify the trophic conditions of a pond's water, as well as to diagnose the presence of both invertebrate and vertebrate predators (Hutchinson 1957) . One of the most important groups of animal plankton animals are the rotifers (Rotifera). This group consists of over 2000 species and nearly 500 species (from the class Monogononta) have been described from the area of Poland (Radwan et al. 2004) .
Furthermore, the rotifer species appearance and community structure depend on numerous environmental abiotic factors such as temperature, oxygen, toxins, phosphorus concentration and osmotic conditions (Scheffer 2001) . The availability of food sources, as well as biotic relationships such as competition or predation also affects the rotifer species composition (Nogrady et al. 1993) . In fishless ponds, rotifers lose while competing with cladocerans, even with those of similar size (Gilbert & MacIsaac 1989) . But in the water bodies with high fish predation pressure, rotifers may become a dominant group since fish, being visual predators, prefer Cladocera as food item and they always select larger forms of prey (Lampert & Sommer 2001) .
The aquatic vegetation is often a key factor prevailing over the spatial structure of freshwater communities, including crustaceans and rotifers (Basu et al. 2000; Duggan 2001) . Macrophytes make up a surface for periphyton colonisation, which may create a nutritional source along with a phytoplankton component and numerous bacteria, protozoans or organic matter (Gons 1979; Jones et al. 2000) . Aquatic plants can also constitute an effective refuge for zooplankton against predators, the effectiveness of which may depend on different macrophyte species relating to various growth forms of macrophytes or the density of macrophyte stems (Stansfield et al. 1997; Kuczyńska-Kippen & Nagengast 2006c) . The aim of the present study was to compare the Rotifera community structure among eight small water bodies located within a mid-forest catchment area, with particular attention being paid to species composition and frequency of particular species. Moreover, detailed analysis was to incorporate the participation of indicator eutrophic species of zooplankton so as to qualify the trophic state of these kinds of water bodies.
Study area
The examined water bodies were situated in the Wielkopolska region. All eight ponds had a typically forest catchment area. The example of the mid-forest water body which was subject to anthropogenical disturbance was Owcza, since it is situated within a city park area (Poznań). Ponds -Gazbruchy Mniejsze, Gazbruchy Większe, Krucz II and Mi lkowo were located in the area of the Krucz forestry district. Mi lkowo water body is one out of three mid-forest reservoirs included in the Annogóra small retention project, which was planned to create small water bodies on the Wilczak waterway in order to regulate the water conditions within the forested areas in 2003. Reservoirs Kraj Warty, Hindak and Pa lac Obrzycko were situated in the area of the Oborniki forestry district. Both of these forest complexes are part of the Puszcza Notecka (Noteć Forest), one of the biggest forests in Poland.
The water bodies Gazbruchy Większe and Gazbruchy Mniejsze cover the largest surface amounting to about 5 ha and the Pa lac Obrzycko is the smallest one -0.5 ha. The area of the other investigated reservoirs is between 2 and 3 ha ( Table 1) .
The examined water bodies were characterised by rich composition of species characteristic for the pond surroundings -meadow and forest plants as well as typical aquatic species ( Table 2 ). The Mi lkowo water body was in the primary phase of the ecological succession so there were no macrophyte species noted during the time of the study.
Methods
The field examination was carried out in the summer period of 2005. Samples were taken in triplicate at each site from homogenic plant stands or surface water stations. A plexiglass core sampler was used to sample the macrophytedominated stations. The collected material was concentrated using a 45-µm plankton net and was fixed immediately with 4% formalin.
To qualify the diversity of rotifer communities in particular habitats, the Shannon-Weaver diversity index was used (Margalef 1957) . This index unites the information on species variety as well as on the relative distribution of species abundance.
The frequency of rotifer species in the investigated water bodies was compared. Only species which were present in at least 10% of the samples were taken for analyses.
The trophic conditions based on the indicator species among rotifers were established in particular water bodies. In the zooplankton material, the indicator species 
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for eutrophic waters were determined according to Karabin (1985) , Bērziņš & Pejler (1989) and Ejsmont-Karabin (1995) . The following eutrophic species were encountered and underwent the analysis: Anuraeopsis fissa, Brachionus angularis, B. calyciflorus, B. diversicornis, B. rubens, B. variabilis, Brachionus sp., Filinia longiseta, Keratella cochlearis f. tecta, K. quadrata, Trichocerca cylindrica and T. pusilla. The differences in habitat and pond selectivity of rotifers in the eight examined water bodies were tested with a non-parametric Kruscal-Wallis test (N = 64), because the assumptions for parametric tests were not fulfilled. 
Results
The analysis of the rotifer communities of eight small water bodies revealed a presence of 117 taxa, representing 39 genera. The most diverse genera were Lecane (17 species), Trichocerca (12), Cephalodella (8) as well as Keratella and Lepadella (6 each). The number of taxa differed greatly in respect to the particular pond and also to the type of habitat (elodeids, helophytes, nymphaeids and open water area). The richest species composition was found in the Krucz II pond (70 species in total), Owcza (61), Gazbruchy Większe (57) and Gazbruchy Mniejsze (55), while the poorest species variation was recorded in the Mi lkowo (28) and Pa lac Obrzycko (36) water bodies. Based on the currently available literature (Radwan et al., 2004 ) six rotifer species, either rare or occurring infrequently in Polish fauna: Cephalodella mus, C. gibboides, Lecane bifurca, L. pyriformes, Resticula gelida and Trichocerca vernalis were recorded. Moreover, taxonomical differentiation between the examined types of habitats was noticed, where the vegetated zones within the elodeids and helophytes were characterised by a higher mean number of rotifer species, while the open water area and that within nymphaeids had the poorest species composition (Fig. 1) .
The rotifers represented different ecological groups with typically pelagic, free-swimming species (e.g. representatives of the genus Keratella or Polyarthra) or littoral-associated (e.g. representatives of the genus Cephalodella, Lecane or Lepadella). Littoral species (83 species) prevailed over those of pelagic origin (34). Among a group of littorally-associated species, apart from a majority of representatives that swim over the macrophyte surfaces, also sessile species (e.g. Ptygura melicerta or Stephanoceros fimbriatus) occurred.
Only three rotifer species occurred with 100% frequency among the eight investigated water bodies: Keratella cochlearis, Lecane closterocerca and Lepadella 
patella. Moreover, the following species: Colurella obtusa, C. uncinata, Keratella cochlearis f. tecta, Mytilina ventralis, Polyartra vulgaris, Testudinella patina and Trichocerca rattus were found in seven water bodies. There was also a large group of rotifers (22 species) that were noted in only one out of eight examined ponds (Table 3) . The mean rotifer numbers in one litre of water differed significantly both in respect to the specific water body (independent of the station; H 7,64 = 29.57; p = 0.00), and to the type of substratum (independent of the pond; H 3,64 = 10.30; p = 0.02). The highest mean densities were found in the Owcza water body, followed by Krucz II and the Kraj Warty pond, with mean densities exceeding 2500 ind l-1. The lowest rotifer abundance was recorded in the case of the Mi lkowo, Gazbruchy Mniejsze and Pa lac Obrzycko water bodies (with mean densities lower than 1000 ind L −1 ) (Fig. 2) . When analysing the density distribution between particular habitats, it was found that elodeids and the open water zone were characterised by the highest mean values, while nymphaeids and helophytes by the lowest (Fig. 3) .
The dominant community was created by 22 rotifer species (Table 4) and out of them Lecane closterocerca, Keratella cochlearis, Anuraeopsis fissa, Colurella uncinata and Polyarthra remata dominated in at least three different water bodies. Half of the dominating species consisted of typically pelagic species (e.g. Anuraeopsis fissa, Keratella cochlearis or Polyarthra remata) and another half of typically littoral-associated species (e.g. Colurella uncinata, Lecane closterocerca or Lepadella patella). The Shannon-Weaver diversity index also differed, however insignificantly (p > 0.05), between both particular ponds and certain types of habitat. The mean index ranged between 1.13 and 3.8; it was highest in Krucz II (mean 2.42), Mi lkowo (2.39) and Gazbruchy Większe (2.37), and the lowest in the Owcza (1.25) and Hindak water body (1.47) (Fig. 4) . On analysing particular types of habitat it was recorded that elodeids were characterised by the highest values of the ShannonWeaver index, while the open water zone had the lowest mean values (Fig. 5) . The mean participation of eutrophic species among the rotifer community of the studied water bodies, irrespective of the station, ranged from about 2% (Pa lac Obrzycko) to 32% (Gazbruchy Mniejsze pond) (Fig. 6) . On analysing the particular type of a habitat, irrespective of the pond, it was found that helophytes and the open water zone were characterised by the highest participation of eutrophic species, while elodeids (Callitiche verna, Ceratophyllum demersum and Chara fragilis) had the lowest percentage of eutrophy indicators (Fig. 7) .
Discussion
Most rotifers are evolutionary and from the ecological point of view littoral forms, which inhabit a wide range of habitats related to aquatic vegetation. Those that have adapted to the pelagic zone exhibit a freeswimming style, while those littoral-associated, swim along the plant surfaces due to the variation of adaptations to living in this heterogenic habitat. Apart from these two, there are typical sessile forms that attach to specific substratum (Edmondson 1944; Wallace 1980; Francez 1984 a,b) , such as representatives of the genus Ptygura or Stephanoceros, present in the examined material. Sessile rotifers are firmly bound to their substrata as adult forms and they were unexpectedly recorded since the sampling method was designed to take water from among particular macrophyte stems. They may have been disconnected from the plant surface due to the stirring up of the water during the sample collection. Littoral species dominated over typically pelagic forms in the examined material. The vegetated zones of freshwater ecosystems are usually characterised by rich and diverse zooplankton communities (Gliwicz & Rybak 1976; Havens 1991 ), compared to homogenic open water areas. In the eight studied water bodies located in the forest catchment area, the presence of nearly 120 rotifer taxa, representing 39 genera, was recorded. The most diverse was the Lecane genus, represented by 17 species. Other authors, e.g. Segers et al. (1993) also recorded the highest species diversity among this genus, which is characteristic of littoral environments, inhabiting different ecological types of rush and water vegetation (Segers 1995; Pejler & Bērziņš 1994) , even though some of the species may also be found in the open water area. Some of the species of the Lecane genus, such as. L. bulla, L. luna, L. closterocerca, L. lunaris, are described as the most common representatives of the rotifer fauna, which was also confirmed in the case of the examined ponds since they belonged to the most frequently occurring species in the collected material. Moreover, the Trichocerca genus, which comprises both pelagic (e.g. T. pusilla) and littoral species (e.g. T. rattus) and the genus Cephalodella, of littoral origin (Radwan et al. 2004) , also belonged to the most diverse genera in the eight investigated water bodies. The presence of six either rare or infrequently occurring species in Polish fauna was detected in the analysed water bodies. This fact underlines the role of small mid-forest reservoirs in the contribution to the maintenance of biological diversity and it also emphasizes the need for preserving this kind of small water bodies.
The species diversity was found to differ greatly in respect to particular type of habitat, represented by macrophytes (elodeids, helophytes, nymphaeids) and the open water zone. The rotifer communities were more diverse in the macrophyte zones, especially within the elodeids and helophytes. Similarly the ShannonWeaver diversity index reached its highest values within elodeids, while the homogenic open water zone had the lowest mean values. This reflects a positive relationship between the heterogeneity of the habitat and the taxonomical structure of plankton communities. The role of aquatic vegetation in freshwaters does not only depend on the percentage of littoral zone coverage, which relates to its biomass, but also on its species composition, which differs in quality, seasonality and biometric parameters of a macrophyte habitat (Pieczyńska 1988; Kuczyńska-Kippen & Nagengast 2006c) . The increasing complexity of aquatic plants causes an increased diversity of littoral microhabitats (Duggan 2001) , therefore the creation of more available ecological niches (Currie 1991; Krebs 2001) , which is then reflected in the richer plankton communities among more complex macrophyte architecture.
When analysing the species variation between the particular water bodies, it was observed that the richest species composition as well as the highest values of the Shannon-Weaver diversity index were found in the case of Krucz II and Gazbruchy Większe, which both belong to largest ponds among the examined group of water bodies. The water body morphometry often correlates positively with the species richness, as also recorded by other authors (e.g. De Bie 2008) . The lowest values of both parameters were obtained from much smaller ponds (e.g. Pa lac Obrzycko or Hindak), so in this case overshading seems to play an important role in determining the richness of rotifer communities in mid-forest reservoirs.
When comparing the densities of rotifer communities between particular water bodies, it was found that the Owcza pond was characterised by the highest numbers and at the same time by the lowest values of the biodiversity index. This could have been a consequence of the absence of fish predators in this water body. In such a case, selective (species-specific) Copepoda predation may have influenced rotifer composition and community abundance (Brandl 2005) . Moreover, due to the fact that this pond is very shallow and is situated within the borders of the city of Poznań, it was prone to anthropogenical disturbance, which may have had a negative effect on the structure of its inhabiting rotifer community.
The rotifer density may significantly differ among various types of habitat, especially when compared to the vegetated and non-vegetated areas of freshwater. The highest rotifera numbers were found among elodeid plants, which is possibly due to the fact that the submerged macrophytes with their complicated spatial and morphological structure often provide an effective refuge for zooplankton (Iglesias 2007; Kuczyńska-Kippen 2007) . The occurrence of higher densities of zooplankters among aquatic plants is also often connected with beneficial physical-chemical parameters within a substratum (e.g. oxygen concentration, availability of nutrients or organic carbon), which may influence the development of this group of animals both directly, or indirectly through the producer's level -phytoplankton and periphyton (Kuczyńska-Kippen & Nagengast 2006c) .
The relationship between the species of the highest density rate and the surrounding environment is among the most important parameters when describing the functioning of ecosystems, both terrestrial and aquatic. It gives an indication of the interactions between particular organisms since it reflects both behavioural differences and fitness among individuals within a population (Krebs & Davies 1993) . Moreover, the structure of dominance may exert an influence on such aspects as habitat selectivity, migrations, as well as food source availability. A differentiated structure of dominance was recorded in the examined water body, which reflects the variation of the conditions present in those ponds, related to different size, depth, presence of water vegetation, participation of predators and possibly different physical-chemical factors. Due to such a variation of environmental parameters both typically pelagic as well as typically littoral-associated species occurred. Lecane closterocerca was present in the six investigated ponds and dominated mainly within stations of elodeids (e.g. Ceratophyllum demersum or Chara fragilis). This representative of the genus Lecane is a cosmopolitan and ubiquistic species. It is usually described as a littoral species, however, due to its wide-spread distribution it can also occur in any habitat, which is moist enough (Radwan et al. 2004) .
Differences between particular ponds in respect to the mean participation of eutrophic species among the rotifer community, irrespective of the station, were also found. The type of exploitation of the area surrounding a water body will influence the zooplankton composition (Jones 1984) . In the case of the examined ponds located within the forested catchment area, eutrophic species remained at quite a low level (between 2% and 32%) and their participation was highest among helophytes and the open water zone and lowest among elodeids (Callitiche verna, Ceratophyllum demersum and Chara fragilis). The trophy state of water bodies relates to parameters measured in the pelagic zone. In the case of water bodies dominated by various plant stations, where different plant microhabitats exist (Meerhoff 2003) , the estimation of trophy conditions must be made based on the environmental parameters within the vegetated stations.
